ABSTRACT. Macro-and microarrays are well-established technologies to determine gene functions through repeated measurements of transcript abundance. We constructed a chicken skeletal muscle-associated array based on a muscle-specific EST database, which was used to generate a tissue expression dataset of ~4500 chicken genes across 5 adult tissues (skeletal muscle, heart, liver, brain, and skin). Only a small number of ESTs were sufficiently well characterized by BLAST searches to determine their probable cellular functions. Evidence of a particular tissue-characteristic expression can be considered an indication that the transcript is likely to be functionally significant. The skeletal muscle macroarray platform was first used to search for evidence of tissuespecific expression, focusing on the biological function of genes/ transcripts, since gene expression profiles generated across tissues were found to be reliable and consistent. Hierarchical clustering analysis revealed consistent clustering among genes assigned to 'developmental
INTRODUCTION
The chicken is an important non-mammalian vertebrate model; the availability of the complete genome sequence (Hillier et al., 2004) will likely contribute to fundamental discoveries and scientific progress in medicine, developmental biology and livestock production. However, even after extensive sequencing efforts, analysis of the gene sequences revealed that only about 50% of chicken proteins were known to be expressed in vivo; the remaining were only digitally predicted (Buza et al., 2007) .
Macro-and microarrays are well-established technologies used to determine gene functions through repeated measurements of transcript abundance. High throughput profiling of gene expression provides insights into new gene functions and transcriptional regulation that underlies biological processes (Eisen et al., 1998; Niehrs and Pollet, 1999) . Available chicken arrays have been mainly developed based on tissue-specific gene expression, including an intestine-specific array containing 3072 transcripts (van Hemert et al., 2003) , a macrophage-specific array with 4906 transcripts (Bliss et al., 2005) , a lymphocyte-specific array with 3011 clones (Neiman et al., 2001) , an immune response-specific array with 5000 genes (Smith et al., 2006) , a heart precursor cell-specific array with 11,000 genes (Afrakhte and Schultheiss, 2004) , and others (Jorge et al., 2007; Cogburn et al., 2007) .
We have developed in-house a 9378 chicken skeletal muscle-associated expressed sequence tag (EST) database, generated from 5'-end sequencing of cDNA clones from six libraries: one from somites (developmental stage HH15; Hamburger and Hamilton, 1951) , the precursors of vertebrate skeletal muscle; one from limb buds in three developmental stages (HH21, HH24 and HH26); one from whole embryos (HH26) (Jorge et al., 2004) , and three from the pectoralis major muscle at various developmental stages from broiler and layer lines (pool of HH35 and HH43, for broiler and layer lines, and pool of one and 21 days post-hatch, just for a broiler line). All ESTs were deposited at the dbEST at GenBank (http://www.ncbi/ nlm.nih.gov/dbEST) as CD760792 to CD765430 and CO502869 to CO507803. Our objec-tive was to construct an exclusive chicken-expressed sequence database that represents the complete myogenic program, from cell determination to differentiation, considering all cell populations in chicken skeletal-muscle samples.
However, only a small number of these ESTs were sufficiently well characterized regarding their cellular functions based on annotation. For the large majority of the transcripts, their functions remained either completely unknown or only partially understood. Therefore, we developed approximately 4500 chicken skeletal muscle-associated macroarray based on our myogenic-specific EST database to use the expression profile to functionally characterize unknown or uncharacterized chicken transcripts.
We used this macroarray platform to generate an expression dataset of approximately 4500 chicken genes across five chicken adult tissues (skeletal muscle, heart, liver, brain, and skin). Tissue screening was first used because evidence of a particular tissue-characteristic expression can provide an indication that the transcript is likely to be functionally significant (Bono et al., 2003; Zhang et al., 2004) . Gene expression profile data across tissues were reliable and consistent with previous information about gene expression and tissue function. Tissue profiling analysis allowed us to suggest novel functions to known and unknown genes; this information will be useful to direct experimental characterization of chicken genes.
MATERIAL AND METHODS

Transcript selection and array construction
The transcripts selected to be spotted onto the macroarray were identified in an inhouse constructed skeletal muscle-associated EST database. The macroarray was constructed using the Q-bot robot (Genetix, Queensway, UK) by the Brazilian Clone Collection Center. Bacterial clones were spotted on 8 by 12 cm high-density nylon filters (PerForma II, Genetix) in duplicate, with a layout of 384 blocks in a 5 by 5 configuration.
Plasmidial probes
Plasmidial probes were used to determine the amount of DNA in the bacterial clones spotted onto the macroarray membranes. Oligos were obtained to recognize a specific region of the Ampicillin gene (5'-TAGACTGGATGGAGGCGGATAA-3' and 3'-CGCCTATTTCAAC GTCCTGGTG-5') present in the pSPORT1 sequence of every clone. They were labeled using the Klenow large fragment of DNA polymerase I (Invitrogen Co., Carlsbad, CA, USA) to incorporate [α- 33 P]-dCTP in the sequence of complementary oligos, using the overgo method (Ross et al., 1999) . Probes were purified using G-50 columns (GE Healthcare, Piscataway, NJ, USA), following manufacturer instructions, and immediately used to hybridize the macroarray platforms.
Biological material and RNA preparation
Chicken tissues were obtained from nine 21-day-old broiler chickens. Pectoralis major muscle, heart, liver, brain, and skin were collected from these animals. Three pools of dissected tissues, derived from three animals each, were homogenized with Trizol ® Reagent
Statistical analysis
A two-step general linear model, described by Wolfinger et al. (2001) , was used to normalize the macroarray data and to detect differentially expressed genes. In the first step, expression data were normalized using the following model:
, where y ijklm is the log 2 value of the intensity of the hybridization sign (gene expression); µ is a constant associated to each observation; G i is the effect of gene i (i = 1,…,4,520); T j is the effect of treatment j (j = 1,…,5); M k is the random effect of membrane k (k = 1,…,6); Q (k)l is the random effect of quadrant within each membrane (l = 1,…,384), included to adjust for the spatial effect on the membrane, and ε ijklm is the random error associated with each observation. This model assumes M k , Q (k)l and ε ijklm are idd , , respectively, with all of them independent of each other.
In the second step, the residuals from this model were denoted r ijkl , computed by subtracting the fitted values for the effects and the residuals from the first step from the y ijklm values. This defined the following gene-specific model: r ijkl = G i + (GT) ij + (GM) ik + e ijkl , where r ijkl is the residual of the normalization model; G i is the average effect of gene i; (GT) ij is the effect of treatment j on gene i; (GM) ik is the effect of membrane k on gene i, and e ijkl stands for the random error associated with each observation. This model considers that (GM) ik and e ijkl are idd and , respectively, with all of them independent of each other. Data were analyzed using PROC MIXED in SAS (SAS/STAT software version 9, SAS Institute) and the significance of the differences between expressed sequences was assessed by the t-test (P < 0.05).
RESULTS AND DISCUSSION
Genes spotted onto the macroarrays
The macroarray was developed using transcripts derived from a collection of 9378 chicken skeletal muscle-associated ESTs constructed in-house. These ESTs were generated from 5' end-sequencing of clones obtained from six cDNA libraries (Table 1) : one from somites (developmental stage HH15; Hamburger and Hamilton, 1951) ; one from limb buds in E.C. Jorge et al. three developmental stages (HH21, HH24 and HH26); one from whole embryos (HH26), and three from pectoralis major muscle in various developmental stages for broiler and layer lines (Alves HJ, unpublished results). This EST collection was originally annotated using the identification from the highest hit score using BLAST (BLASTN and BLASTX against the GenBank chicken genome, and non-redundant and EST databases, respectively). This database was deposited in the dbEST division of GenBank as CD760792 to CD765430 (Jorge et al., 2004 ) and CO502869 to CO507803. Clustering and assembling of the EST collection was conducted using CAP3 (Huang and Madan, 1999) , resulting in 4269 unique sequences. One representative clone from each contig and all singlets were selected to be spotted onto the nylon membrane platforms. Selection of a representative clone from each contig was based on a search for the longest EST read. As the cDNAs were synthesized from the 3' poly(A) tail up to an average insert size of around 1 kb; possibly the longest sequence also had the longest part of the coding sequences. During clone selection, whether two or more unique sequences were from the same mRNA was not considered. In addition, clones representing genes of α-actin and GAPDH, plus pSPORT1 empty vector (Invitrogen) were selected to fill 251 random spaces in the array, to be used as positive and negative controls, respectively. Therefore, selection resulted in a total set of 4520 clones. The set was re-arrayed into twelve 384-well plates and robotically spotted in duplicate onto the nylon filter (9040 spots on the membrane). 
Filtering the expression database
The skeletal-muscle associated macroarray was used to simultaneously determine the abundance of 4520 chicken gene transcripts in 5 tissues: skeletal muscle, heart, liver, brain, and skin. The expression data were first filtered to remove inconsistent information generated after subsequent hybridization assays. Among the 4520 transcripts spotted onto the macroarray, 11.8% did not show any detectable signal after the first hybridization, performed using plasmidial overgo probes. As the lack of hybridization signal probably derived from problems with colony growth after spotting, these missing spots were removed from the analysis. In addition, 9 clones did not show any detectable signal after hybridizations with all 5 cDNA probes, despite the fact that the plasmidial probe signals were detectable. After further removing these 9 clones, the complete set used to construct the tissue expression database contained 3974 transcripts.
All 5 cDNA probes derived from the distinct adult tissues were hybridized to the macroarray, giving similar numbers of spots with positive hybridization signals, which ranged from 3529 to 3765 for skin and muscle, respectively ( Table 2 ). The expression database was constructed based on this filtered set of data of detectable signals. 
Analysis of the expression profiles
Tissue-specific gene expression has traditionally been used to predict gene/transcript function. Evidence of expression can be considered an indication that a gene/transcript is functionally significant and not an artifact or unprocessed nuclear RNA (Bono et al., 2003; Zhang et al., 2004) . Our array was used to produce expression profiling of 5 distinct chicken tissues (skeletal muscle, heart, liver, brain, and skin) to search for evidence of tissue-specific expression, focusing on the biological function of the genes/transcripts. After data filtering, our database was arranged into: 1) differentially expressed transcripts, to identify tissue-specific transcripts and ubiquitously expressed ('housekeeping') genes, based on a statistical model, and 2) sets of co-expressed transcripts, adopting a mathematical description of similarity. Because many cellular processes are tightly associated with coordinate transcriptional changes, cluster analysis of gene expression profiles can be used to identify candidate sets of co-regulated genes that are directly or indirectly involved in related processes (Eisen et al., 1998; Niehrs and Pollet, 1999) .
Differentially expressed transcripts: a statistical approach
Statistical analysis was used to identify tissue-specific transcripts, which were those that had hybridization signal in only one of the 5 screened tissues. Even though it was a small screening, tissue-specific genes could be helpful to characterize tissue ontogenesis, evolution, and biomarkers. Tissue-specific transcripts can also provide identification of new gene functions and insights into the transcriptional regulation that underlies biological processes.
Forty-three transcripts were identified with this pattern (Table 3) : 11 'skeletal muscle-specific'; nine 'heart-specific'; 11 'liver-specific'; seven 'brain-specific', and five 'skinspecific'. The level of expression of these tissue-specific transcripts most likely reflects differential expression among these tissues analyzed. Only abundant mRNAs are identified in non-normalized cDNA libraries, which mainly correspond to concurrently expressed transcripts (Adams et al., 1991; Soares et al., 1994) . As non-normalized libraries were the source of transcripts for the macroarray construction in our study, a small number of transcripts with tissue-specific expression patterns were expected. Tissue expression patterns are traditionally used to characterize unknown transcripts, and they were used here to identify 'skeletal musclespecific' transcripts. 'Heart', 'brain', 'liver', and 'skin-specific' transcripts were also identified and listed in this study ( Among the 11 transcripts identified as 'skeletal muscle-specific' (Table 3) , Troponin T type 2 (TNNI2) was identified, which is a fast skeletal muscle protein associated with the regulation of muscle contraction. The expression patterns obtained also highlighted transcripts for which a potential role in skeletal muscle development has not yet been defined. The zinc finger DHHC-type containing 23 (ZDHHC23), for example, codes for a membrane protein containing a palmitoyl transferase domain, which supposedly promotes protein palmitoylation, a crucial lipid modification in protein trafficking and function (Fukata et al., 2006) . Substrates for palmitoylation include H-Ras, a GTP binding protein that regulates cell growth and differentiation (Fukata et al., 2006) . A ZnFDHHC motif was found with an expression pattern similar to MyoD (muscle determination transcription factor) in the somitic mesorderm in Danio rerio (Nagaya et al., 2002) . The expression pattern of this known transcript in chicken skeletal-muscle suggests a new uninvestigated biological function for DHHC motif during myogenesis.
A member of the repulsive guidance molecule (RGM) family (member A; RGM-A) was also identified as 'skeletal muscle-specific' transcript. RGM-A was firstly described as responsible for providing guidance cues for axons of retinal neurons (Monnier et al., 2002) . Other RGM-A biological functions have been recently investigated, including neural tube closure and inhibition of axon growth after injury in the adult central nervous system (Matsunaga and Chédotal, 2004; Niederkofler et al., 2004; Mawdsley et al., 2004; Hata et al., 2006) . RGM-C (also known as hemochromatosis type 2, Hfe2) is the member of the RGM family with biological function described in skeletal muscle, associated with iron homeostasis; it is responsible for the hemachromatosis type 2 disease in humans (Papanikolaou et al., 2004) . Curiously, neither genomic nor EST sequences were found for the chicken RGM-C in public databases. Based on the expression profiles described here, we hypothesize a novel biological function for RGM-A in chicken skeletal muscle. Induction of transcripts associated with 'neuronal activity' during skeletal muscle development has been described (Szustakowski et al., 2006) and mouse RGM-C was induced in muscle cell survival and differentiation after growth factor treatment, based on microarray analysis (Kuninger et al., 2004) .
Clustering analysis
Clustering analysis is a computational method, which calculates similarities of items in large databases to recall patterns and higher order structure. All 3974 valid expression data were clustered using GeneSpring GX (Agilent Technologies), first to obtain the expression profile of all transcripts in all tissues (skeletal muscle, heart, liver, brain, and skin), and second, to identify transcripts that are highly expressed in each tissue, in an attempt to reveal uncharacterized transcripts with similar expression patterns.
Hierarchical clustering
The entire valid expression database was subjected to hierarchical clustering (Eisen et al., 1998) , where both transcripts and tissues were clustered. The resulting dendrogram ( Figure  1 ) revealed that 'brain' and 'skin' were grouped together (bootstrap of P = 100%), and to a lesser degree with 'heart' (P = 56%; Figure 1A ). 'Skeletal muscle' and 'liver' were the other tissues grouped (bootstrap of P = 68%). Samples derived from similar embryonic germ layers (ectoderm, endoderm and mesoderm) are expected to show similar gene expression patterns. 'Brain' and 'skin' are both ectoderm derivatives and were tightly clustered in our analysis. However, mesoderm-derived tissues ('skeletal muscle' and 'heart') and endoderm ('liver') did not show expression consistent with this hypothesis. Inconsistent dendrograms generated from tissue profiling and embryonic origin were previously observed in Xenopus laevis (Baldessari et al., 2005) . Dendrograms generated from hierarchical clustering analysis. In A the valid expression database was subject to hierarchical clustering, where both transcripts and tissues were clustered, and in B, transcripts grouped into the 'embryonic development' GO category (1342) were subject to hierarchical clustering. Only in B, samples derived from similar embryonic germ layers showed similar gene expression patterns. BR = 'Brain'; SK = 'Skin'; HT = "Heart'; LV = 'Liver'; SM = 'Skeletal muscle'.
Interestingly, when clustering only 1318 transcripts from the 'embryonic development' GO category, a dendrogram consistent with embryonic germ layers origin was obtained ( Figure  1B ): 'brain' and 'skin' were tightly clustered together (bootstrap values of 100%); 'heart' and 'skeletal muscle' formed another robust group, both separated from 'liver' ( Figure 1B ). The differences observed in the hierarchical clustering between these two sets of genes might have occurred because genes spotted onto the array were mainly identified in samples of 'skeletal muscle' tissue, which is composed of a mixture of tissues (including conjunctive tissue and vas-cular and nervous systems), all of them contributing to the 'muscle' expression profile. Genes selected from the 'embryonic development' GO category might have more specialized functions; for this reason, they were grouped properly following germ layer derivatives.
In order to further characterize tissue expression profiles, highly expressed transcripts (HET) characteristic of each tissue were identified. These genes were recognized by summarizing the expression data for each tissue in a box plot and selecting genes with higher than the upper quartile range as the highly expressed genes (HET). With this strategy, the number of HET for each tissue were: 851 transcripts from 'muscle'; 880 from 'heart'; 901 from 'liver'; 896 from 'brain', and 216 from 'skin'. Comparison among the HET across tissues allowed identifying the most abundant transcripts characteristic of each tissue. No HET were expressed in more than two tissues. There were 197 'muscle' HET; 406 'heart' HET; 474 'liver' HET; 427 'brain' HET ( Figure 2 ). All 'skin' HET were also 'muscle' HET (Figure 2 ), probably indicating that there was cross-contamination between 'muscle' and 'skin' samples. All HET characteristic of each tissue were compared against the chicken genome database from NCBI to check the consistency of our expression results. 'Skeletal muscle' HETs showed enrichment for i) 'muscle contraction' and 'cytoskeletal organization' proteins, such as tropomyosin 3 (TPM3), tubulin beta 2A (TUBB), tubulin gamma 1 (TUBG1), myosin heavy chain 8 (MYH8), coronin (actin-binding protein 1C, CORO1C), troponin T type 3 (TNNT3); actinin alpha 2 (ACTN1); tubulin tyrosine ligase-like family, member 12 (TTLL12), tubulin polymerization promoting protein (LOC420800), actin alpha 1 (LOC421534), actin-filamentassociated protein (AFAP1), tropomodulin 1 (TMOD1); Smoothelin-like protein (actin bind-ing protein, LOC417687), long microtubule-associated protein 1A (LOC770402), and others; ii) transcripts associated with 'metabolism', such as pyruvate kinase (PKM2), creatine kinase (LOC396507), NADH dehydrogenase (NDUFA5), pyruvate dehydrogenase kinase (PDK3), glyceraldehyde-3-phosphate dehydrogenase (GAPDH), glucose phosphate isomerase (GPI), phosphoglucomutase 1 (PGM1), fructose 1,6 bisphosphatase 2 (FBP2); iii) 'extracellular matrix' and 'cell adhesion': catenin (cadherin-associated protein), beta 1 (CTNNB1), protocadherin 19 (PCDH1), matrin 3 (MATR3), protocadherin gamma subfamily C, 3 (PCDHGC3), procollagen-proline, 2 oxoglutarate 4-digoxygenase, beta polypeptide (P4HB), alpha type XVI collagen (LOC430477); iv) myogenesis-associated transcripts: 'MyoD family inhibitor domain containing' (LOC417774), identified as an inhibitor of myogenic basic helix-loop-helix transcription factors (Kusano and Raab-Traub, 2002) , single-minded homolog 2 (LOC418515; Woods et al., 2008) , and ZEB1 zinc finger E-box binding homeobox 1 (Postigo and Dean, 1999) , and v) transcripts associated with the degradation of muscle proteins, such as ubiquitin conjugating enzyme E2G1 (LOC770961), and F-box and leucine-rich repeat protein 5 (FBXL5). 'Heart', 'liver', and 'brain' HETs have also revealed gene 'markers' that suggest the consistency of the screening using these tissues on a skeletal muscle-associated macroarray (data not shown).
There were some cases in which different transcripts from the same gene were identified as HETs in distinct tissues. For example, CO503458 and CO506114 are transcripts that were cloned from adult and embryonic chicken pectoralis muscle, respectively; both encode for a phosphatidylinositol transfer protein beta (PITPNB), but CO503458 presented high expression in heart, while CO506114 had high expression in liver. The existence of alternative splicing for this gene in these two tissues should be further investigated before disregarding these two transcripts as HETs. Another example observed among the HETs identified in this study was protein families differentially expressed among the sampled tissues; the solute carrier proteins were the best example. Solute carrier family 7 (cationic amino acid transporter, y+ system), member 4, and solute carrier family 16 (monocarboxylic acid transporter), member 1, were identified as 'heart' HETs. Solute carriers identified as 'liver' HETs included family 39 (metal ion transporter), member 1; family 43, member 2, and family 5 (sodium-dependent vitamin transporter), member 6. Solute carrier characterized as 'brain' HETs included family 25 (mitochondrial, adenine nucleotide translocator), member 6; family 16 (aromatic amino acid transporter), member 10 (two ESTs); family 25, member 29; family 7 (cationic amino acid transporter, y+ system), member 5; family 15, member 4; family 25 (mitochondrial citrate transporter), member 1, and family 13 (sodium-dependent dicarboxylate transporter), member 3.
Co-expressed non-characterized (unknown) highly expressed transcripts
Non-characterized transcripts were found to be co-expressed among established HETs. These unknown transcripts included mainly those named 'hypothetical proteins', which are defined as predicted proteins for which there is no experimental evidence of in vivo expression.
Among the 406 'heart' HETs, for example, 19 were identified as co-expressed 'unknown' transcripts; as were 40 of the 427 'brain' HETs; 32 of the 474 'liver' HETs, and 21 of the 197 'muscle' HETs (Table 4) . As the accuracy of our macroarray measurements was confirmed by functional annotations of those HETs, it is possible to use our tissue expression profile to add biological information for those uncharacterized transcripts. The expression pattern of unknown transcripts among tissues is a step towards their functional characterization. Table 4 . 'Hypothetical transcripts' found to be co-expressed among highly expressed transcripts (HETs). Continued on next page To further characterize the unknown highly expressed transcript, public databases were searched; only motifs or conserved domains were identified in some of those transcripts (Table 4) . Among 21 'skeletal muscle' unknown HETs, for example, conserved domains could be found in 10 of them, including a nucleotide-glucose transporter domain (EST accession number CD761013, LOC421073), and three NADB-Rossmann domains (CO504294, CO504070, CD761892, corresponding to LOC771456, LOC429066 and LOC425539, respectively), which have been found in numerous dehydrogenases of metabolic pathways, such as glycolysis, and many other redox enzymes. As at least one previously conserved domain or motif was identified in those unknown transcripts; they can be considered as 'proteins with defined features' (PDFs; Gollery et al., 2007) .
Continued on next page
Eleven novel PDFs were also found among chicken 'heart' unknown HETs, including GC-rich sequence DNA-binding factor-like protein (CD764046, C21orf66); an SH3 domain, involved in signal transduction related to cytoskeletal organization (CO507354, LOC426270), and one with the same NADB-Rossmann domain (at different loci and EST, CD762963, LOC423481), found among 'skeletal muscle' PDFs.
Conserved domains were found in 18 transcripts from the 32 'liver' unknown HETs, including a cysteine peptidase called Ufm1-specific protease (CO506655, LOC422542); a WDFY family member 4 domain (CO505069, LOC423781), and one with a solute carrier family 39, which is a metal-ion-transporter domain. Finally, 23 PDFs were identified among the 40 'brain' unknown HETs, including two with protein kinase c like protein domains (CO506905, LOC768377 and CD764123, LOC768667).
On the other hand, among the selected 112 unknown HETs, 50 remained as proteins that lack defined motifs and conserved domains. These proteins are currently defined as proteins with obscure features (POFs). Increased attention has been recently given to these POF sequences as, on average, they represent 15-40% of the genes encoded in every eukaryotic genome sequenced to date (Gollery et al., 2006 (Gollery et al., , 2007 . POFs are considered to represent newly evolving genes or genes that are evolving faster than the genome average; they also contribute to determine species specificity (Galperin and Koonin, 2004; Gollery et al., 2007) .
There was also evidence of alternative splicing among the PDFs. For instance, the locus c21orf66 encoding for a PDF with a GC-rich sequence DNA-binding factor-like protein domain was found among 'heart' and 'liver' uncharacterized HET. Using the MapViewer tool from NCBI, we observed that corresponding ESTs (CD765214 and CD764046) were distant from each other in the gene sequence (data not shown), and that CD764046 was positioned in an intronic region of the gene sequence in chicken chromosome 1. A number of possibilities can explain intronic ESTs, including the presence of this intron in one of the transcribed mRNAs (reviewed by Graveley, 2001) .
LOC772299 was also found as duplicated unknown HETs, identified among 'skeletal muscle' and 'heart' unknown HETs. Although no conserved domains have been found, the expression pattern of this POF could suggest a novel muscle gene, alternatively expressed between heart and skeletal muscle. Other duplicated HETs were two ESTs from the locus c9orf58, identified as 'brain' and 'heart' HETs, encoding for a PDF with a calcium-binding domain called EF-hand; the locus LOC395778 (c6orf72) duplicated in 'liver' and 'heart', and the locus LOC423192, duplicated in 'heart' and 'brain' expression profiles and encoding for a PDF with an ATG13 uncharacterized domain, associated with autophagy and probably with glycogen storage (Scott et al., 2000;  Table 4 ).
